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Although it has been possible to produce
molluscum contagiosum in man by the endermal
injection of bacteria-free filtrates of lesions (1, 2),
isolation of virus-like agents from this disease
has been accomplished only recently (3). On
the basis of electron microscope studies, the
isolates have been classified conditionally with
the pox viruses because of similarities in size
and shape of the particles (4). The modes of
development of the two are, however, quite
different (5, 6, 7) and they do not appear to be
serologically related (5). Agents recovered from
molluscum contagiosum have been found to
contain desoxyribonucleic acid (9).
The purpose of this paper is to report the iso-
lation, in tissue culture, of agents from lesions
of molluscum contagiosum and to describe their
cytopathic effects and the lesions produced by
one of them in animals.
MATERIALS AND METHODS
Preparation of Inoculum: Seven patients with
fresh lesions of molluscum contagiosum were the
source of material for tissue culture studies. Two
or three separate lesions were obtained from each
individual by means of a sterile forceps and placed
in sterile test tubes where they were kept for no
longer than one hour. After being crushed into
very small pieces, the specimens were suspended
in 2 ml. of flanks' salt solution: 0.1 ml. of this was
then inoculated into tubes containing cultures of
various types of tissue.
Tissue Cultures: Six types of tissue were used in
attempts to isolate and propagate agents from the
molluscum lesions. Monkey kidney cells were ob-
tained from a commercial source. Amnion cul-
tures were prepared from fresh human placentas
and grown in a medium consisting of equal parts
of Eagle's and flanks' solutions and 15 per cent
horse serum. Chick embryo cells and calf embryo
splenic cells were cultured and maintained in
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Eagle's medium plus 10 per cent calf serum; skin
cells were grown under a thin layer of gelatin (10).
Tissue from human prepuce was propagated in
chicken plasma clots with Eagle's medium to
which 10 per cent human serum was added; it
was maintained in a medium consisting of Eagle's
solution, 2 per cent calf serum, and 0.5 per cent
lactalbumin hydrolysate and consisted mainly of
fibroblasts.
Serologic Studies: Neutralization studies were
carried out using tissue culture fluid from the
first passage and serum obtained from the patients
from whose lesions the agent being tested had
been recovered. Each serum was inactivated at
56° C for 30 minutes and serial dilutions of it
mixed with an equal volume (0.25 ml.) of undiluted
tissue culture fluid. After standing at refrigerator
temperature for two hours, 0.1 ml. of each serum
dilution-"virus" mixture was inoculated into 3
tubes of human amnion cell culture. Observations
for presence or absence of cytopathic changes were
carried out daily for two weeks.
Fluorescent antibody studies were performed
using rabbit antihuman globulin-fluorescein iso-
thiocyanate conjugate which was absorbed for 30
minutes at 37° C with mouse liver powder once
and with fixed and washed human amnion cells
twice. Cultures of human amnion were made on
cover slips; some were infected with the agents
isolated from the patients and others were not
inoculated and served as controls. Both were
fixed in cold absolute alcohol at —65° C for one
hour, washed three times with veronal buffer (pfl
7.07), and incubated for 30 minutes with a 1:10
dilution of the serum being studied for presence
of antibody. After being washed three times again
with buffer solution, the cover slips were treated
with the globulin-fluorescein conjugate for 30
minutes at 37° C, washed three times with buffer,
and mounted on slides in a glycerine-veronal buffer
mixture. Observations were carried out immedi-
ately and photographs made using a four-minute
exposure with #3 and #4 filters.
RESULTS
Seven patients, six of whom were children,
were studied. All had had molluscum con-
tagiosum for longer than one month, and one
had had the disease for three years. Biopsy
study in two cases revealed the characteristic
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anatomic features of the disease. A smear obtained
from a third individual showed numerous round
intracytoplasmie inclusion bodies when stained
with iodine and brilliant crystal blue.
TABLE 1
Increase in Length of Incubation Period and Loss
of "Infectivity" Following Subculture
luorulum
Number ot Passages
1 2 3
...
4 5 6
Fluid
No. showing de-
generation
I.P.*__days
Cells
No. showing de-
generation
LP.—days
2/2t
2
2/2
2
2/2
2
2/2
2
1/4
4
2/2
3
0/4
2/2
6
1/4
6
0/4
* I.P.—Incubation period.
t Number degenerated/number inoculated.
Six strains of cytopathie agents were isolated.
Five of them (A, B, C, D, E) produced identical
types of cellular degeneration in tissue culture
but the sixth (F) provoked strikingly different
changes. Within 2 to 3 days after inoculation of
strains A, B, C, D, and E into human amnion,
foci of rounded cells began to appear; these
increased in number and became diffusely
scattered throughout the cell sheet over the
next 2 to 3 days. No further increase in the
extent of degeneration occurred, the maximum
degree of cellular involvement varying from 25
to 75 per cent.
Attempts to subculture strains A, B, C, D,
and E were made within two days after the
appearance of the first cellular ehaages. The
culture fluid was harvested first, 0.5 ml. of
maintenance medium (see Methods) added to
each tube, and the cells scraped off the glass.
When 0.2 to 0.5 ml. of the fluid phase of the
cultures was inoculated into human amnion,
cytopathic changes were present through only
FIG. 1. Intracytoplasmis inclusion in amnion cell
FIG. 2. Ciant cell and syneytial formation by strain F
Fso. 3. Absence of inclusion bodies in cultures of strain F
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three passages. When cell suspensions were
used, degeneration of the amnion cells was ob-
served through the fifth subculture but not be-
yond this. Striking was the fact that, with each
passage of either infected culture fluid or cells,
there was a progressive increase in the length of
time required for the appearance of the first
signs of eytopathy (Table 1).
A number of studies were carried out involving
incubation of the human amnion cultures at
different temperatures (37° C, 36° C, 32° C,
and 22° C), alteration of the H-ion concentration
of the culture fluid (pH 6.8, 7.0, 7.2, 7.4, and
7.6), and use of different media: Eagles's medium
with 2 per cent chick, horse, or calf serum;
Seherer's medium ivith calf serum; amniotic
fluid alone or with added calf serum (5 per cent);
medium 199 without serum. None of these
manipulations increased the number of passages
through which the agents could be subeultured.
Although growth might have occurred in human
skin and prepuce, monkey kidney, chick embryo,
and calf embryo spleen cells, no cellular degenera-
tion was observed in other than the primary
cultures. When fluid and cells from amnoin
were passed through the same tissues twice,
oval or round eosinophilie intraeytoplasmie
inclusion bodies, appeared. Only a few cells
contained these structures, however. As eaa be
seen in Figure 1, the inclusions were similar in
character but smaller in size than those present
in the lesions of molluseum eontagiosum.
Strain F, isolated from a lesion of molluseum
contagiosum in an adult, appeared to be com-
pletely distinct from the five other agents. It
produced an entirely different type of cellular
degeneration in human amaion cultures. The
infected cells, instead of merely being rounded,
became large and multinueleated, and some-
times contained as many as 50 nuclei. Syncytial
formation was also a characteristic feature
(Figure 2). Neither intranuelear nor intracyto-
plasmie inclusion bodies could be identified
with certainty (Figure 3). The same types of
cellular changes were observed in monkey kidney
and chick embryo cell cultures. Strain F could
FIG. 4. Desquamation in mice following injection of strain F
FIG. 5. Localized skin papule in guinea-pigs
Fio. 6. Nasal lesions in guinea-pigs
Fm. 7. Patchy alopecia in rabbits infected with strain F
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be subcultured repeatedly in human amnion
without losing its ability to produce cytopathic
effects; the CF50 reached a level of 10—6.5 after
16 passages. When stored at —20° C in human
amnion for 2 weeks, a greater than 100-fold
reduction in CP55 occurred. Unlike the other five
agents isolated, strain F was pathogenic for
animals. All the studies were carried out using
undiluted second passage amnion tissue culture
fluid. Three-day old mice injected endermally
with 0.04 ml. of fluid developed redness of the
entire skin within 4 to 6 days. During the next
week, desquamation, which began at the point
of injection, progressed to involve all of the
epidermis. Figure 4 illustrates the appearance of
the skin on the 10th day after inoculation, when
the lesion had spread to the neck and back. At
this time, 4 of 7 of the infected mice had died.
The agent was recovered from the skin of the
surviving animals by culture in amnion cells.
Injection of 0.03 ml. of fluid from second passage
cultures intracerebrally in 3-day old mice proved
to be fatal in 100 per cent of the animals. The
"virus" was isolated from the brain.
The endermal injection of 0.1 ml. of un-
diluted infected tissue culture fluid into 4 guinea-
pigs produced a papule at the site of inoculation
after 2 days. This increased in size until it was
approximately 1 cm. in diameter on the ninth
day (Figure 5). Four weeks after infection,
when the first skin lesion was subsiding, a single
new papule appeared on the nose of all of the
animals (Figure 6). This reached a size of about
0.5 by 2 cm. in 4 days, persisted for about 5
days, and then gradually became smaller and
disappeared. When guinea-pigs were inoculated
with cultures of strain F intraperitoneally (0.5
ml. of undiluted infected tissue culture fluid),
only the nodule on the nose appeared. Biopsy
study of the lesions revealed an infiltrate of
mononuclear cells in the skin and subcutaneous
tissues in the area of the papules. Neither giant
cells nor inclusion bcdies were noted. None of
the animals died.
The effects of corneal injection of strain F
were also studied. Infected tissue culture fluid
(0.01 ml.) was inoculated into the cornea of the
right eye and uninfected fluid (0.01 ml.) into
the same site in the left eye of four anesthetized
guinea-pigs. Seven to 10 days after injection, 3
of the animals showed chemosis, eorneal opacity
so dense that the iris or pupil could not be visu-
alized, and loss of the vision on the right. The
left eyes remained clear. The corneal reaction
cleared slowly; after one month slight cloudiness
was still present.
Intraperitoneal injection of tissue culture
fluid of strain F in rabbits led to the development
of patches of alopeeia on the back which first
appeared about 3 weeks after infection. The loss
of hair progressed rapidly and became wide-
spread over a period of 7 to 10 days. After this,
Fro. 8. Immunofluorescence in infected tissue culture
FIG. 9. Lack of immunofluorescence in uninfected cultures
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regrowth of the hair occurred. Figure 7 indicates
the irregular areas of alopecia and the shari)
demarcation of the lesions.
After 16 successive passages in cultures of
human amnion cells, strain F lost most of its
pathogenicity for infant mice and guinea-pigs;
it still produced death, however, when injected
intracerebrally in newborn mice.
Serologic studies were carried out using the
serum of four patients and the cytopathic agents
isolated from their molluscum lesions. Only those
strains which produced rounding of amnion cells
were investigated. Serum could not be obtained
from the individual from whom strain F was
recovered. As can be seen in Table 2, not all of
the subjects had neutralizing antibody. In-
hibition of cytopathic activity could not be
demonstrated in the blood of M. H.; only small
quantities of antibody were present in F. T.
(1:4) and W. A. (1:8). B. M. was found to have
the highest titer—i :128.
Immunofluorescenee studies were performed
with the serum of patient B. M. and the agent
isolated from his skin lesions. Infected amnion
cultures revealed scattered foci of fluorescent
cells (Figure 8); these were not detected in
uninfeeted cultures (Figure 9).
Strain F was found to produce neither hemad-
sorption nor hemagglutination. Attempts to
establish its relationship to other viruses known
to produce syncytial type of growth were un-
successful. This agent was not neutralized by
measles, mumps or monkey foamy agent anti-
body. Rabbit serum prepared by the injection
of Strain F suppressed its eytopathic activity
completely in a dilution of 1:256. It failed, how-
ever, to inhibit the growth of the simian viruses,
SV 5, SY 25, SY 28, SY 36, and SY 59, (11, 12)
in monkey kidney cultures. No antibody for
strain F was present in the blood of the patients
from whom strains A, B, C, and E had been
isolated.
DISCUSSION
Since it has been shown that burned skin (13)
and serum from extensively burned individuals
(14) may be injurious to HeLa cells, the possi-
bility that the cytopathic changes which were
observed in cultures following inoculation
of tissue from lesions of molluseum contagiosum
were due to toxic effects of damaged skin rather
than to the activity of a living agent merits
consideration. However, the development of
intracytoplasmic inclusions in the affected
amnion cultures points strongly to the presence
of a "virus".
The mere isolation of an agent from a lesion
does not establish it as the cause of a disease,
unless specific antibody for it can be shown to
have developed to a significant level during the
course of an illness. This was not possible in the
present study because acute and convalescent
phase sera were not available. Proof for the
etiologie role of the agents recovered in tissue
culture in the development of the lesions from
which they were isolated is lacking, therefore.
However, the detection of low levels of neu-
tralizing antibody in two individuals and of a
high liter in another is suggestive of a causal
relationship, despite the fact that the studies
were carried out with single specimens of serum.
Since one patient had no detectable antibody,
the question may be raised that the agents
which were demonstrated in culture were not
responsible for the disease.
The failure to propagate strains A, B, C, D,
and E beyond four to five subcultures in human
amnion cells cannot be explained at the moment.
Changes in temperature of incubation and pH
of the medium and the use of various cell types
were of no avail in increasing the capacity of the
agents to continue to multiply. Studies of the
conditions necessary to overcome this difficulty
are presently under way.
While five of the isolated agents (strains A,
B, C, B, E) behaved similarly in tissue culture
and were non-pathogenic for animals, the sixth
(strain F) appeared to be entirely distinct. The
lesions from which this agent was recovered
had the characteristic gross appearance of mol-
luscum contagiosum and biopsy specimens
revealed typical inclusion bodies. Strain F, in
contrast to the others, produced a syneytial
type of growth and multinucleated cells in
amnion cultures and was pathogenic for new-
born mice, guinea-pigs and rabbits. Because
of these properties and the fact that it was not
neutralized by serum specific for the other
strains, it seems clear that strain F is totally
unrelated to the others. Its etiologie role in the
molluscum lesions from which it was recovered
cannot be proved; it is probably not a cause of
this disease. No relationship could be established
between it and measles virus, monkey foamy
agent, and simian viruses. Because of failure
to demonstrate hemadsorption, hemagglutina-
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TABLE 2
Neutralization Studies
Serum Dilution
.Patient
.Virus
Control
1:4 8 16 32 64 128 216
M. II. 3/3* 3/3 3/3 3/3 3/3 3/3 3/3 3/3
F. T. 1/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3
W. A. 0/3 0/3 3/3 3/3 3/3 3/3 3/3 3/3
D. M. 0/3 0/3 0/3 0/3 0/3 0/3 3/3 3/3
* Number degenerated/number inoculated.
tion, or inclusion bodies it could not be classified
with the respiratory syneytial (15) croup as-
sociated, or hemadsorption viruses (16). While
strain F and the agent of hepatoencephalomyelitis
(17) which is probably Reovirus type 3 (18)
resemble each other in that both produce alopecia
and death in newborn mice, the types of eyto-
pathology in tissue culture and resistance to
heat are quite different. For the present, strain F
has been classified as an "orphan" virus. Studies
to determine its role in disease are in progress.
CONCLUSIONS
1. Six strains of virus cytopathic for human
amnion cells have been isolated from lesions of
molluscum eontagiosum.
2. Five of the strains were found to be similar
in their serologic and cytopathic behavior.
Two of them produced round or oval intra-
cytoplasmic inclusion bodies in tissue culture but
were not pathogenic for animals.
3. The sixth strain (F) was recovered from a
grossly and microscopically typical lesion of
molluscum contagiosum but appeared to behave
entirely differently than the others. It produced
syncytial type of growth and multinucleated
cells in human amnion and was pathogenic for
new born mice, guinea-pigs, and rabbits.
4. The exact nature of strain F could not be
defined and it has been classified for the present
as an "orphan" virus. It appears to have a high
degree of dermatotropism producing exfoliation
(mice), skin papules (guinea-pigs), and patchy
alopecia (rabbits).
5. The causal relationship of five of the isolated
viruses to molluseum eontagiosum could not be
established beyond a doubt but serologic studies
suggest such an association. It is highly probable
that strain F is not involved in the pathogenesis
of this disease.
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DISCUSSION
DR. CHARLES G. MENDEL5ON (Detroit,
Michigan): When Dr. Kligman and I were
doing a study on the wart virus, we were also
running molluscum as a control. So I could
teach myself what cp changes were in various
cell systems.
Interestingly enough, in monkey kidney
molluscum was really outstanding in the fact
that it produced changes very early and quite
severe, and we carried this along through I
remember at least eight passages and then I
just got tired. Then we took the fluid from the
sixth passage, at the same time we were doing
the wart, and tried to inoculate human volun-
teers. In that of over a hundred inoculations,
both intradermally and by scratch method, we
were unable to reproduce the lesions in humans,
except for possibly one case which got infected
and was literally "knocked off" by inflammation.
I am wondering whether these C.P.E. changes
that Dr. Chang and Dr. Weinstein had during
the first three passages, whether that fluid from
those passages were attempted to be carried
back into human volunteers and, if so, what
the results were.
DR. TE-WEN CHANG (in closing): I'm afraid
I can't tell you much more about this new virus.
This is only a preliminary study and we haven't
reached the stage of doing any human experi-
ments.
